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SUMMARY 


The  purpose  of  this  Small  Business  Innovation  Research  Phase  I  project  was  to  develop  a  data  bank  for 
graded  sets  of  reference  radiographs  of  aluminum  welds.  Reference  radiographic  documents  of  this  type  are 
extremely  valuable  for  procurements  related  to  ships,  aircraft,  other  vehicles,  construction  and  similar  projects 
that  include  aluminum  welds.  The  reference  radiographs  serve  as  a  recognized  way  of  acceptance  or  rejection 
of  welds.  There  are  no  recognized  standards  for  graded  reference  radiographs  of  aluminum  welds.  The  only 
alternative  at  present  is  to  use  graded  sets  of  reference  radiographs  for  steel  welds  such  as  ASTM  standard 
E-390.  This  is  not  a  technically  acceptable  alternative  because  the  radiographic  contrasts  and  general  appear¬ 
ance  are  different  for  steel  welds  as  compared  to  aluminum  welds. 

During  this  Phase  I  project,  a  data  bank  of  production  radiographs  of  aluminum  welds  was  collected. 
Several  thousand  radiographs  are  presently  in  the  data  bank.  From  this  data  bank,  a  set  of  proposed  reference 
radiographs  has  been  assembled.  These  include  five  grades  of  reference  radiographs  for  three  types  of  porosity, 
fine  scattered  porosity,  coarse  scattered  porosity  and  linear  porosity.  The  suggested  reference  radiographic 
document  also  includes  three  grades  of  clustered  porosity,  two  illustrations  of  inadequate  penetration,  two 
illustrations  of  tungsten  inclusions,  and  examples  of  longitudinal  and  transverse  cracks,  lack  of  fusion  and 
undercut.  "This  proposed  set  of  graded  reference  radiographs  covers  the  thickness  rage  9.5  to  19mm  (0.375  to 
0.750  inch)  for  the  5000  and  6000  series  of  aluminum  alloys. 

It  is  proposed  that  this  set  of  graded  reference  radiographs  be  used  for  procurement  purposes  and  also 
for  discussions  with  professional  societies  such  as  ASTM  and  AWS  with  the  objective  of  arranging  a  formal 
society  standard.  Preliminary  discussions  with  these  societies  and  with  AS  NT,  have  been  conducted  during  this 
project. 

A  follow-on  project  is  suggested  to  expand  the  data  bank  to  cover  thinner  material  (0  to  9.5  mm  [0.375 
inch]),  to  prepare  welds  to  back  up  the  sets  of  graded  reference  radiographs  and  to  continue  work  with  profes¬ 
sional  societies  in  order  to  obtain  a  consensus  standard  that  will  be  published  and  maintained. 


This  investigation,  to  identify  a  data  bank  for  graded  sets  of  reference  radiographs  of  aluminum  welds, 
was  performed  for  the  Department  of  the  Army,  Belvoir  Research,  Development  and  Engineering  Center,  Fort 
Belvoir,  Virginia,  under  Contract  Number  DAAK70-87-C-0027.  The  project  was  a  Small  Business  Innovation 
Research  program.  The  period  of  performance  was  7  July,  1987  to  7  March,1988. 

The  Contracting  Officer's  Technical  Representative  was  Mr.  George  D.  Farmer,  Jr.,  STRBE-VL.  The 
authors  are  pleased  to  acknowledge  the  assistance  and  cooperation  of  Mr.  Farmer  and  his  associate,  Mrs.  K. 
Nesmith. 
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INTRODUCTION 


Aluminum  structures  are  widely  used  for  both  military  and  industrial  products,  particularly  in  cases 
where  low  weight  is  important.  Coupled  with  this  increasing  use  of  aluminum  is  greater  use  of  welding  as  a 
means  of  joining  aluminum  structural  members.  It  is  important  that  those  aluminum  welds  be  nondestructive^ 
inspected.  X-radiography  is  often  used  to  assure  the  quality  of  aluminum  welds. 

Graded  reference  radiographs  of  welds,  indicating  the  relative  severity  of  indications  such  as  porosity, 
inclusions,  etc  are  often  used  as  an  aid  in  judging  the  quality  level  and  acceptance  of  a  weld.  These  reference 
radiographs  are  available  for  steel  welds,  for  example,1  ASTM  E390-73/84,  "Standard  Reference  Radiographs 
for  Steel  Fusion  Welds".  However,  the  availability  of  graded  reference  radiographs  for  aluminum  welds  is 
limited. 

Often,  selected  radiographs  from  ASTM  E390  or  similar  steel  weld  radiograph  reference  documents  are 
used  to  judge  aluminum  welds.  However,  one  must  recognize  that  the  different  X-ray  attenuation  properties  of 
steel  and  aluminum  lead  to  different  contrasts  of  radiographic  films.  The  radiographic  appearances  of  disconti¬ 
nuities  in  aluminum  and  steel  welds  are  not  the  same.  The  use  of  different  X-ray  energies  and  radiographic 
techniques  lead  to  images  that  differ  in  contrast  and  sharpness.  These  differences  are  apparent  to  an  experi¬ 
enced  radiographic  interpreter.  The  differences  in  image  properties  make  it  difficult  to  compare  radiographs  of 
steel  and  aluminum.  These  problems  have  led  to  contractual  problems  for  the  Army  and  other  government 
agencies.  Comparing  a  radiograph  of  an  aluminum  weld  to  a  comparable  thickness  steel  weld  reference  .  adio- 
graph  puts  the  contracting  agency  in  a  weak  position  concerning  contract  disputes  over  the  acceptability  of 
aluminum  welds.  The  differences  in  image  contrast  and  sharpness  can  lead  to  improper  grading  of  weld  quality 
and  subsequent  contractual  disputes  as  inspectors  differ  over  the  weld  quality  indicated  on  a  radiograph. 

This  Small  Business  Innovative  Research  (SBIR)  Phase  I  investigation  was  directed  toward  the 
establishment  of  a  data  bank  for  a  set  of  graded  reference  radiographs  for  aluminum  welds.  This  data  bank  was 
to  be  developed  by  surveying  government  and  industry  facilities  and  collecting  copies  or  original  radiographs  of 
aluminum  welds.  Where  possible,  the  original  hardware  from  which  the  radiographs  were  taken  was  to  be  either 
collected  or  cataloged  by  the  facilities  for  future  use. 

The  aluminum  alloys  of  major  interest  are  the  5000  (Mg  series),  6000  (Mg  and  Si  series)  and  7000  (Zn 
series)  alloys.  The  thicknesses  of  interest  are  the  same  as  the  thinner  ones  specified  in  ASTM  E390, 0.03, 0.080, 
3/16, 3/8,  and  3/4  inch  (0.8,  2.0, 4.8,  9.5  and  19mm),  as  a  minimum.  The  defect  types  of  interest,  to  be  graded 
in  severity  levels,  include  lack  of  fusion,  inadequate  penetration  (preferred  term  for  incomplete  penetration), 
tungsten  inclusions,  slag  inclusions,  linear  porosity,  clustered  porosity,  coarse  scattered  porosity  and  fine 
scattered  porosity. 

Specific  objectives  for  the  program  included  the  following: 

1.  Establish  a  data  bank  of  aluminum  weld  radiographs  by  contacts  with  government  and  industrial 
organizations. 

2.  Organize  the  data  bank  in  terms  of  alloy  thickness,  type  of  defect,  relative  severity  level  and  radiographic 
technique. 

3.  If  the  data  bank  proves  adequate,  prepare  a  plan  for  the  establishment  of  a  consensus  standard  by  inter¬ 
actions  with  voluntary  consensus  standard  organizations. 

4.  If  the  data  bank  is  lacking,  prepare  a  plan  for  completing  the  data  bank.  This  will  likely  involve  plans  for 
a  means  to  prepare  aluminum  welds  (various  alloys,  thicknesses  and  geometries)  containing  various  types 
of  defects.  Once  samples  become  available,  arrangement  for  radiographic  testing  and  grading  of  the 
weld  radiographs  would  be  required. 
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Interact  with  voluntary  consensus  standard  organizations  to  determine  their  procedural  and  technical 
requirements  so  radiographs  produced  in  a  Phase  II  program  could  serve  as  an  acceptable  basis  for  a 
consensus  society  standard. 

Prepare  a  final  report  indicating  the  status  of  the  data  bank  and  the  plans  for  development  of  a 
consensus  standard. 


PHASE  I  RESULTS 


Collection  of  the  Radiographic  Data  Bank 

The  initial  efforts  to  collect  a  data  bank  of  aluminum  reference  radiographs  involved  a  literature  search 
followed  by  the  preparation  of  a  letter  and  the  selection  of  a  mailing  list  to  request  help.  The  selection  of 
people  to  receive  the  letter  was  based  on  discussions  with  the  COTR  and  on  the  extensive  radiographic  experi¬ 
ence  and  contacts  of  Industrial  Quality,  Inc.  personnel. 

The  initial  letter  and  the  mailing  list  ( 65)  are  reproduced  in  Appendix  A.  Telephone  follow-up  contacts 
were  made  with  many  of  the  key  individuals  on  the  mailing  list.  These  contacts  and  letter  replies  led,  in  many 
cases,  to  suggestions  for  other  people  or  organizations  to  contact.  A  list  of  these  extra  contacts  (9)  plus  1 
address  correction  is  given  at  the  end  of  the  Appendix  A  mailing  list. 

All  of  the  extra  contacts  were  helpful.  One  in  particular,  Mr.  Paul  Dickerson  of  ALCOA,  proved  to  be 
the  source  of  an  extended  data  bank  of  aluminum  weld  radiographs.  Dickerson  made  available  for  the  project 
several  thousand  radiographs  of  aluminum  welds. 

Several  professional  societies  were  also  contacted  to  enlist  their  support  in  locating  organizations  that 
might  have  radiographs  useful  for  the  data  bank.  The  letter  and  the  mailing  list  are  given  in  Appendix  B. 

During  this  initial  phase  of  the  data  bank  collection  we  were  made  aware  of  a  1974  report  by  the  Army 
Tank  Automotive  Command  (TACOM)  on  reference  radiographs  for  aluminum  welds.2  The  report  included 
photographic  prints  of  weld  reference  radiographs.  In  an  effort  to  help  the  Army  locate  the  original  radio¬ 
graphs  (and  weld  samples)  we  made  an  extended  effort  to  find  the  report  principal,  Mr.  Walter  Wulf,  who  had 
retired  from  government  service  in  1977.  Through  personal  contacts  in  professional  societies  we  were  able  to 
locate  Walter  Wulf  (address  in  Appendix  A).  He  was  very  cooperative  and  provided  a  copy  of  his  original 
report  and  information  that  was  forwarded  to  TACOM  to  help  them  locate  many  of  the  original  radiographs. 
Our  information  is  that  some  of  the  original  radiographs,  primarily  in  the  thickness  range  19  to  38mm  (0.75  to 
1.5  inch),  have  been  located. 

Sorting  the  Data  Bank  into  Graded  Sets 

During  the  program,  a  visit  was  made  to  the  ALCOA  Laboratories  to  review  the  weld  radiographs 
offered  by  Paul  Dickerson.  Over  7000  weld  radiographs  were  made  available.  Several  sets  of  graded  reference 
radiographs  were  selected  from  this  large  collection.  The  selections  included  several  graded  sets  and  several 
additional  radiographs  for  illustrative  purposes.  The  selected  reference  radiographs  are  outlined  in  Table  1. 

The  data  bank  of  radiographs  was  extensively  reviewed  to  determine  if  additional  reference  radiographs 
could  be  selected;  that  did  not  prove  to  be  possible.  Since  the  material  thickness  of  most  of  the  samples  was 
12.7mm  (JO  inch)  it  is  proposed  that  this  reference  set  be  applicable  in  the  thickness  range  of  9.5  to  19mm  (.375 
to  .750  inch).  The  radiographs  were  made  of  production  items  and,  at  times,  experimental  procedures  that  go 
back  over  twenty  years.  There  is  no  hardware  presently  available  for  these  radiographs.  The  welding  procedure 
was  MIG  with  the  composition  mostly  aluminum  alloy  6061  with  some  including  5083. 

Prints  were  made  of  the  radiographic  negatives  to  illustrate  the  overall  composition  of  the  reference 
radiographs  (Figures  1-5).  What  is  shown  in  these  illustrations  is  the  suggested  layout  per  page  and  the  individ¬ 
ual  viewing  area  for  a  given  grade.  The  selection  of  five  grades  for  most  of  the  illustrations  was  made  to  follow 
the  format  of  ASTM-E390,  Reference  Radiographs  for  Steel  Welds.1 

Figure  1  illustrates  grades  1-5  for  fine  scattered  porosity.  Figure  2  shows  five  grades  of  coarse  scattered 
porosity.  Five  grades  of  linear  porosity  are  illustrated  in  Figure  3.  These  three  illustrations  are  shown  as  they 
are  now  envisioned  for  use  in  a  reference  radiographic  document.  Such  a  document  would  contain  radiographic 
transparencies  rather  than  photographic  prints  as  shown  here.  Figures  4  and  5  are  shown  to  illustrate  other 
conditions.  These  figures  are  not  necessarily  as  they  might  be  grouped  in  a  reference  radiographic  document. 


Figure  4  shows  three  grades  of  clustered  porosity  and  two  examples  of  inadequate  penetration.  In  a  reference 
radiographic  document  these  two  classes  of  weld  defects  might  be  placed  in  separate  illustrations.  Figure  5 
shows  examples  of  several  weld  discontinuities,  cracks,  tungsten  inclusions  and  undercut.  The  method  for 
producing  these  photographic  prints  from  the  original  radiographs  is  described  in  Appcrdix  C. 

The  selection  of  three  grades  of  clustered  porosity  follows  the  format  of  the  TACOM  report.2  In  that 
format  any  radiographic  evidence  of  clustered  porosity  greater  than  grade  3  was  designated  to  be  distributed 
porosity  and  was  to  be  evaluated  accordingly. 

The  illustrations  of  inadequate  penetration  show  a  narrow  interrupted  defect  and  a  relatively  wide  con¬ 
tinuous  defect.  The  recommendation  is  to  use  the  approach  suggested  in  the  TACOM  report;  a  given  percent 
length  of  inadequate  penetration  per  length  of  weld  can  be  used  to  determine  the  grade. 

The  ungraded  examples  are  shown  to  illustrate  discontinuity  types  that  arise  primarily  from  a  variety  of 
incorrect  welding  procedures. 

The  original  sets  of  reference  radiographs,  along  with  the  remaining  radiographs  collected  as  part  of  the 
data  bank,  are  being  turned  over  to  the  Army  Belvoir  Research  Development  and  Engineering  Center  as  a 
deliverable  under  this  program. 


Table  1  -  Selected  Graded  Reference  Radiographs,  By  Category 


Category 

Number  of 
Radiographs 

Comments 

Fine  scattered  porosity 

5 

graded  set 

Coarse  scattered  porosity 

5 

graded  set 

Linear  porosity 

5 

graded  set 

Clustered  porosity 

3 

graded  set 

Inadequate  penetration 

2 

continuous;  interrupted 

Tungsten  inclusions 

2 

localized  at  weld  start; 
distributed 

Cracks 

2 

longitudinal;  transverse; 
lack  of  fusion 

Undercut 

1 

longitudinal  groove 
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DISCUSSION 


The  radiographs  shown  in  the  photographic  prints  in  Figures  1-5  represent  a  useful  initial  set  of  graded 
reference  radiographs  for  aluminum  welds.  The  set  is  limited  in  terms  of  thickness  range  and  alloy  type.  As 
indicated  in  the  previous  section,  the  radiographs  involve  weld  thicknesses  primarily  in  the  range  of  9.5  to  19mm 
(0.375  to  0.75  inch).  The  alloys  represented  are  primarily  those  in  the  5000  and  6000  series. 

Additional  reference  radiographs  that  are  desirable  include  those  for  additional  alloy  series  and  those  for 
extended  thickness  ranges.  As  in  the  case  of  the  graded  reference  radiographs  for  steel,1  it  is  desirable  to  use 
separate  sets  of  reference  radiographs  for  very  thin  and  very  thick  welds.  The  radiographic  contrasts  are  differ¬ 
ent  in  each  case,  thereby  making  it  necessary  to  develop  sets  to  cover  only  a  limited  thickness  range.  The  set 
described  in  this  report  represents  a  thickness  range  from  about  9.5  to  19mm  (0.375  to  0.75  inch).  A  set  to 
cover  thin  materials,  up  to  9.5mm  (0.375  inch)  is  needed.  Additional  sets  should  cover  the  range  from  19  to 
75mm  (0.75  to  3  inches)  and  from  75  to  200mm  (3  to  8  inches). 

The  alloy  compositions3,4  of  the  5000  (Mg  series)  and  6000  (Mg  and  Si  series)  are  generally  similar  in 
terms  of  X-radiographic  attenuation  properties.  The  7000  (Zn  series)  alloys  tend  to  include  more  high  atomic 
number  additives  (typically  about  11%);  this  leads  to  higher  X-ray  attenuation  for  these  alloys.  Therefore,  two 
sets  of  reference  radiographs  would  be  needed  to  cover  the  5000,  6000  and  7000  series  of  aluminum  alloys.  The 
recommended  sets  of  reference  radiographs  are  outlined  in  Table  2.  The  present  data  bank  covers  only  the  set 
marked  X. 

A  few  radiographic  transparency  copies  were  prepared  during  this  program  to  show  the  excellent  quality 
radiographic  copies  that  can  be  obtained.  These  were  prepared  by  Parker  Industrial  Laboratory  Corp  ,  Ea$t 
Hartford,  Connecticut,  the  same  company  that  prepares  the  radiographic  copies  for  the  ASTM  reference  radio- 
graphic  documents.  ASTM,  an  organization  that  publishes  several  series  of  reference  radiographic  documents, 
uses  radiographic  transparency  copies  extensively.  The  cost  of  preparing  original  radiographs  is  high.  The 
quality  of  the  copies  is  excellent.  The  copies  are  reviewed  by  a  technical  group  before  acceptance.  The  copies 
are  of  such  good  quality  that  the  rejection  rate  (as  determined  by  experienced  radiographers)  is  less  than  5%. 

The  copies  prepared  by  Parker  are  being  made  available  to  the  Belvoir  R,  D&E  Center  as  part  of  this 
contract.  The  copies  clearly  indicate  a  direction  that  would  provide  a  useful  reference  radiographic  document. 

Industrial  Quality,  Inc.  is  aware  of  the  strong  interest  in  DOD  to  have  the  reference  radiographs  avail¬ 
able  and  published  as  a  standard  maintained  by  a  professional  society.  The  American  Society  for  Testing  and 
Materials  (ASTM)  Committee  E-7  on  Nondestructive  Testing  includes  Subcommittee  E7.02  on  Reference 
Radiographs.  That  Subcommittee  has  been  responsible  for  the  production  of  reference  radiographs  for  over 
forty  years.  In  their  procedure,  a  document  is  presented  for  review  and  acceptance  by  the  Subcommittee  mem¬ 
bers  (government  and  industry  representatives).  After  successfully  completing  a  ballot  at  this  level,  the  docu¬ 
ment  must  be  successfully  balloted  to  the  main  committee  (E-7)  and  then  to  the  full  society  (ASTM).  A  deci¬ 
sion  is  then  made  as  to  the  production  of  multiple  sets.  In  almost  all  previous  documents,  ASTM  has  required 
weld  hardware  to  be  available  to  produce  more  original  radiographs.  However,  as  indicated  previously,  radio- 
graphic  transparency  copies  are  now  used  predominantly  in  the  reference  radiographic  documents  in  place  of 
duplicate,  original  radiographs. 

As  part  of  the  work  under  this  contract  several  appropriate  societies  were  contacted  to  judge  their  inter¬ 
est  in  accepting,  publishing  and  maintaining  sets  of  graded  reference  radiographs  for  aluminum  welds.  The 
societies  contacted  included  the  American  Society  for  Nondestructive  Testing  (ASNT),  ASTM  and  the  Ameri¬ 
can  Welding  Society  (AWS).  The  letter  sent  to  each  society  and  the  address  used  are  given  in  Appendix  B. 


Table  2  -  Recommended  Sets  of  Graded  Reference  Radiographs 
For  Aluminum  Welds 


Alloy 

Series  Thickness  Ranges 


Up  to  9.5  mm  9.5  - 19  mm  19  -  75  mm  75  -  200  mm 

(375  in.)  (375  to  .75  in.)  (.75  to  3  in.)  (3  to  8  in.) 


X  Only  set  of  graded  reference  radiographs  presently  available 


Our  interactions  with  the  societies  included  a  meeting  with  the  Chairman  of  ASTM  E7.02,  Mr.  Walter 
Roy,  a  meeting  with  the  AWS  B-l  Committee  on  Methods  of  Inspection  (and  additional  discussions  with  AWS 
Liaison  member  Hudson  Walls),  telephone  discussions  with  George  Luciw,  Staff  Manager  at  ASTM  and 
Ronald  Seiner,  Technical  Director  of  ASNT,  and  correspondence  with  H.  Glenn  Ziegenfuss,  Technical  Director 
of  AWS.  Our  impressions  of  these  interactions  are  that  all  of  these  societies  strongly  support  the  need  for 
graded  reference  radiographs  of  aluminum  welds.  Our  discussions  with  ASTM  and  AWS  are  encouraging  for 
the  development  of  a  consensus  standard. 

We  have  also  discussed  this  project  with  representatives  of  national  welding  organizations,  including  Dr. 
Karl  F.  Graff,  Executive  Director,  Edison  Welding  Institute  and  Dr.  H.H  J.  Vanderveldt,  President,  American 
Welding  Institute.  Both  these  welding  leaders  expressed  support  for  the  reference  radiographic  project.  Per¬ 
haps  more  important,  they  also  made  it  clear  that  their  organizations  could  be  of  assistance  in  putting  us  in 
contact  with  appropriate  people  in  industry  and  government  who  may  be  able  to  assist  with  more  extensive 
search  for  data  bank  aluminum  weld  reference  radiographs. 

It  is  recognized  that  the  data  bank  collected  in  this  Phase  I  program  is  a  valuable  asset.  This  data  bank 
will  be  maintained  at  the  Belvoir  R,  D  &  E  Center.  It  is  hoped  that  societies  and  industrial  organizations  will 
continue  to  add  to  the  data  bank.  A  letter  requesting  such  assistance  is  given  in  Appendix  D,  with  the  mailing 
list. 


RECOMMENDATIONS 


Industrial  Quality,  Inc  is  pleased  that  the  data  bank  obtained  during  the  Phase  I  program  can  provide  the 
basis  for  a  useful  document.  We  recommend  that  additional  work  be  done  to  make  available  a  document  that 
covers  the  present  data  bank,  to  expand  the  data  bank  to  cover  other  aluminum  alloys  and  thickness  ranges,  and 
to  work  with  the  professional  societies  to  provide  a  consensus  standard  that  will  be  published  and  maintained. 

A  specific  near-term  recommendation  is  to  prepare  multiple  sets  (25  to  100)  of  graded  reference  radio¬ 
graphs,  as  available  now  in  the  data  bank,  using  radiographic  transparency  copies.  A  few  of  these  sets  can  be 
used  by  the  Army  in  its  procurement.  Other  sets  can  be  used  to  work  with  professional  societies  in  an  effort  to 
obtain  a  consensus  document. 

In  addition,  work  should  begin  to  expand  the  data  bank  to  fill  in  the  gaps  in  Table  2,  as  needed.  Our  dis¬ 
cussions  with  the  COTR  and  the  colleagues  indicate  less  interest  in  the  7000  series  alloys,  since  many  of  these 
materials  are  not  recommended  for  welding.  Therefore,  it  is  our  recommendations  that  emphasis  be  placed 
now  on  needs  for  the  5000  and  6000  series  alloys. 

On  the  matter  of  the  different  thickness  ranges,  there  is  a  clear  need  to  proceed  to  thinner  materials. 
Military  procurements  related  to  vehicles  and  construction,  for  example,  often  involve  the  thinner  aluminum 
materials.  Extension  of  the  data  bank  to  cover  the  thickness  from  0  to  9.5mm  (0375  inch)  is  recommended.  If 
this  were  done,  the  present  data  bank,  the  radiographs  located  at  TACOM  and  the  new  data  bank  would  pro¬ 
vide  radiographs  to  cover  the  thickness  ranges  0  to  9.5mm  (0375  inch,  new  data),  9.5  to  19mm  (0.375  to  0.75 
inch,  present  data  bank)  and  19  to  38mm  (0.75  to  1.5  inch,  TACOM  radiographs). 

The  method  to  obtain  these  needed  radiographs  will  likely  involve  a  mixture  of  further  data  bank  collec¬ 
tion,  and  preparation  and  radiography  of  selected  missing  parts  of  the  needed  graded  sets.  Now  that  the  Phase 
I  program  has  caught  the  interest  of  many  organizations  involved  in  aluminum  welded  manufacture  and  con¬ 
struction,  it  is  anticipated  that  arrangements  could  be  made  to  obtain  selected  production  radiographs  illustrat¬ 
ing  graded  weld  conditions. 

Work  with  the  professional  societies,  particularly  ASTM  and  AWS,  should  continue  in  this  recom¬ 
mended  follow-on  program.  The  ideas  provided  by  those  knowledgeable  groups  of  radiographic  specialists  will 
certainly  contribute  to  a  more  useful  set  of  graded  reference  radiographs.  Strong  interest  has  been  expressed  by 
individuals  active  in  both  ASTM  and  AWS. 

In  summary,  the  recommendations  to  implement  graded  reference  radiographs  of  aluminum  welds  are 
as  follows: 

1.  Prepare  an  interim  reference  radiographic  document  utilizing  this  Phase  I  set  of  radiographic 
transparency  copies. 

2.  Use  the  interim  document  for  Army  procurements  and  for  discussions  with  ASTM  Subcommittee  E7.02 
and  AWS  Committee  B-l  for  consideration  as  a  consensus  standard. 

3.  Expand  the  data  base,  particularly  to  thinner  weldments.  This  expansion  should  include  work  with 
aluminum  weld  production  facilities  and  national  welding  organizations  to  gain  their  cooperation  in 
getting  original  production  radiographs.  The  expansion  will  likely  also  involve  the  preparation  of 
deliberately  faulted  aluminum  welds  to  fill  in  any  gaps  that  may  exist  in  the  data  bank. 

4.  Continue  to  work  with  ASTM  Subcommittee  E7.02  and  AWS  Committee  B-l  to  expand  the  availability 
of  graded  reference  radiographs  of  aluminum  welds. 

Industrial  Quality,  Inc.  plans  to  submit  an  SBIR  Phase  II  proposal  to  pursue  these  objectives. 
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Appendix  A 

Letter  Sent  to  Industrial  and 
Government  Organizations  Concerning 
Availability  of  Reference  Radiographs  of  Aluminum  Welds 

and 

Mailing  List 
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Dear 


Industrial  Quality,  Inc.  has  received  a  contract  from  the  Belvoir  Research,  Development  and  Engineering 
Center  at  Fort  Belvoir,  Virginia  to  put  together  a  set  of  graded  reference  radiographs  of  aluminum  welds.  The 
document  visualized  would  be  similar  to  ASTM  E390,  Standard  Reference  Radiographs  for  Steel  Fusion  Welds. 
We  are  presently  trying  to  determine  if  there  are  well  documented  radiographic  results  on  aluminum  welds  in 
existence  that  might  be  used  to  prepare  such  a  reference  document.  Our  purpose  in  writing  to  you  is  to  request 
your  assistance  in  this  matter. 

Do  you  or  someone  in  your  organization  have  radiographs  of  aluminum  welds  that  might  be  used  in  a 
reference  radiographic  collection?  Could  these  be  made  available  to  us  in  the  form  of  original  radiographs 
(preferred)  or  radiographic  copies?  Are  you  aware  of  other  persons/organizations  that  we  should  contact? 

As  one  who  is  acquainted  with  weld  radiography,  we  are  sure  you  recognize  the  value  of  a  set  of  graded 
reference  radiographs.  To  our  knowledge,  none  exists  for  aluminum  welds;  this  forces  users  to  reference  doc¬ 
uments  such  as  ASTM  E390  for  steel  welds.  The  use  of  steel  weld  radiographs  to  judge  the  quality  of  aluminum 
weld  radiographs  obviously  has  some  technical  shortcomings.  Therefore,  we  are  pleased  to  be  assisting  the 
Army  in  the  preparation  of  a  document  for  graded  reference  radiographs  of  aluminum  welds.  The  emphasis  is 
on  radiographs  of  aluminum  (5000, 6000,  and  7000  series  alloys)  butt  welds  (full  penetration)  made  by  the  MIG 
welding  process.  Preferred  thicknesses  are  .03,  .08,  .1875,  .375  and  .75  inches.  However,  at  this  time  we  would 
welcome  information/data  about  any  aluminum  weld  radiographs. 

Thank  you  very  much  for  your  help.  We  look  forward  to  hearing  from  you. 

Sincerely  yours, 


Daniel  Polansky 
Senior  Physical  Scientist 
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J.F.  Ward 

Aerospace  Corporation 
Vandenberg  A.F.  Base 
Lompoc,  CA  93436 

Briant  B.  Brush 
Agfa-Gevaert,  Inc. 

275  North  Street 
Teterboro,  NJ  07608 

Mr.  Gordon  A.  Alison 

The  Aluminum  Association,  Inc. 

900  19th  Street,  N.W. 

Washington,  D.C.  20006 

Mr.  David  C.  Brook 
Aluminum  Co.  of  Canada,  Ltd. 
P.O.Box  8400 
Kingston,  Ontario  K7L  4Z4 
Canada 

James  Finfera 
NDT  Section 

US  Army  Materials  Testing  Directorate 
Aberdeen  Proving  Grounds 
Aberdeen,  MD  21005 

Bernard  Strauss 

US  Army  Materials  Testing  Lab 
Arsenal  Street 
Attn:  DRXMR-SMS 
Watertown,  MA  02172 

D.B.  Clymore 

Babcock  &  Wilcox  Company 
Tubular  Pwd.  Div. 

640  Keystone  Street 
Alliance,  OH  44601 

Harold  C.  Graber 
Babcock  &  Wilcox  Company 
M  S.  BWO  42  A 
P.O.Box  271 
Barberton,  OH  44203 

Mary  Ellen  Robards 
Bardel,  Inc. 

13810  Enterprise  Avenue 
Cleveland,  OH  44135 

Al  Birks 

Battelle  Columbus  Labs 
505  King  Street 
Columbus,  OH  43201 


William  Plumbstead 
Bechtel  Group,  Inc. 

50  Beale  Street 

P.O.  Box  3965 

San  Francisco,  CA  94119 

Dr.  Wayne  Woodmansee 

Boeing  Commercial  Airplane  Company 

Org.  6-6623,  M.S.  73-05 

P.O.  Box  3707 

Renton,  WA  98124 

Vincent  L.  Gorka 

Carpenter  Technology  Corporation 
133  Springfield  Road 
Nineon,  NJ  07083 

Ronald  C.  Bevan 
CBL  Industries,  Inc. 

13810  Enterprise  Avenue 
Cleveland,  OH  44135 

Lee  J.  Ballard 

Consolidated  X-Ray  Service 
P.O.  Box  593 
Woodbridge,  NJ  07095 

Richard  J.  Sammons 
Dayton  X-Ray  Company 
1150  W.  Second  Street 
P.O.  Box  7275 
Dayton,  OH  45407 

Dr.  Joseph  Bar-Cohen 
Douglas  Aircraft  Company 
Dept.  M/C  E-84,  M.S.  1-18 
3851  Rose  Street 
Seal  Beach,  CA  90740 

Ken  Huff 

Eastman  Kodak  Company 
Kodak  Park  Division,  Bldg  23 
Rochester,  NY  14650 

Donald  D.  Dodge 
Ford  Motor  Company 
24500  Glendale 
Detroit,  MI  48239 

E  J.  Wnek 

General  Electric  Company 
Building  28,  Room  450 
Schenectady,  NY  12345 


Richard  Chance 
QC  Advanced  Development 
Grumman  Aerospace  Corporation 
MS  A01-10 
Bethpage,  NY  11714 

Paul  Dent 

Grumman  Aerospace  Corporation 
A19-03 

Bethpage,  NY  11714-3582 

Frank  R.  Swanson 
Grumman  Aerospace  Corporation 
Research  Department,  Plant  26 
Bethpage,  NY  11714 

Charles  Hellier 
Hellier  &  Associates,  Inc. 

P.O.Box  818 
Essex,  CT  06426 

Herbert  T.  Thieret 
Herron  Testing  Lab 
5405  East  Schaaf  Road 
Cleveland,  OH  44131 

Arnold  H.  Greene 

Jem  Panentrameter  Mfg.  Corp. 

6  Huron  Drive 
Natick,  MA  01760 

David  P.  Harvey 

Kaiser  Aluminum  &  Chemical  Company 
6177  Sunol  Boulevard 
Pleasanton,  CA  94566 

Jerry.  J.  Haskins 

Lawrence  Livermore  National  Laboratory 
P.O.Box  808 
Livermore,  CA  94550 

Dana  Elliott 

Nondestructive  Testing 

Los  Alamos  National  Laboratory 

P.O.  Box  1663 

Los  Alamos,  NM  87545 

John  D.  Fenton 

LTV  Aerospace  &  Defense  Corporation 
P.O.  Box  225907,  M/S  6-16 
Dallas,  TX  75625 


Mr.  Edward  B.  Lewis 
Lynchburg  Foundry  Company 
NDT  Research  &  Development 
P.O.  Drawer  411 
Lynchburg,  VA  24505 

Bernie  Boisvert 
Magnaflux  Corporation 
7300  W.  Lawrence  Avenue 
Chicago,  IL  60656 

E.M.  Crisman 
Martin  Marietta  Aerospace 
P.O.  Box  5837,  MP  113 
Orlando,  FL  32855 

Ward  Rummel 
Martin  Marietta  Corporation 
P.O.  Box  179 
Denver,  CO  80201 

Dr.  Robert  W.  McClung,  Sr. 

Martin  Marietta  Energy  Systems 
Oak  Ridge  National  Laboratory 
P.O.  Box  X 
Oak  Ridge,  TN  37830 

Richard  J.  Meyer 
McDonnell  Douglas  Corporation 
Department  852B,  Bldg.  220 
P.O.  Box  516 
St.  Louis,  MO  63166 

E.  Dane  Harvey 

Monsanto  Research  Corporation 
Mound  Facility 
Miamisburg,  OH  45342 

Claude  E.  Jaycox 

Municipal  Testing  &  Insp  Labs,  Inc. 

160  Lauman  Lane 
Hucksville,  NY  11801 

Hairy  Quong,  Director 

Reliability,  Maintainability  and  QA  Office 

NASA  Headquarters 

600  Independence  Avenue,  S.W. 

Washington,  D.C.  20546 

Dr.  Joseph  Heyman 
NASA  Langley  Research  Center 
Mail  Stop  231 
Hamptom,  VA  23665 
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Alex  Vary 

NASA  Lewis  Research  Center 
M/S  23-3 

21000  Brookpark  Road 
Cleveland,  OH  44135 

Thomas  R.  Galie 

Naval  Ship  Systems  Eng.  Station 

Building  633 

Philadelphia,  PA  19112 

John  Mittleman 

U.S.  Naval  Coastal  Systems 

Lab  3410 

Panama  City,  FL  32401 

Mr.  Michael  Petz 
Naval  Sea  Systems  Command 
Department  of  the  Navy,  SEA  05M2 
Washington,  D.C.  20362 

Dr.  Thomas  A.  Siewert 
N.B.S.  Fracture  &  Deformation  Div. 
325  Broadway 
Boulder,  CO  80303 

Gerald  M.  Cobb 
Newport  News  Industrial 
230  41st  Street 
Newport  News,  VA  23607 

Roger  D.  Wallace 
Newport  News  Shipbuilding 
Dept.  038 

Newport  News,  VA  23607 

Leon  A.  Laime 
Northeast  Utilities 
Olde  Homestead  Village 
Portland,  CT  06480 

Charles  E.  Albright 
Ohio  State  University 
Dept,  of  Welding  Engineering 
190  W.  19th  Avenue 
Columbus,  OH  43210 

Fred  L.  Dandaneau 
Parker  Industrial  Lab.  Corp. 

290  Governor  Street 

P.O.Box  8505 

East  Hartford,  CT  06108 


Robert  H.  Wagner 
PRL  Industries,  Inc. 

P.O.  Box  142 
Cornwall,  PA  17016 

Roy  E.  Wysnewski 
Pyne  Corporation 
20  North  Avenue 
Larchmont,  NY  10538 

Wilbur  Brown 
Reliance  Testing  Labs,  Inc. 

2199  Greenspring  Drive 
Timonium,  MD  21093 

Alexander  G.  Howell 
Reynolds  Metals  Company 
P.O.  Box  27003 
Richmond,  VA  23261 

Lutz  Dahlke 

Acceptance  Technology  Div. 
Sandia  Laboratories,  Div  844 
Livermore,  CA  94550 

Dieter  Markert 
Siefert  X-Ray  Corporation 
2551  Industry  Lane 
P.O.  Box  294 

Fairview  Village,  PA  19409 

Dr.  Frank  Iddings 
Southwest  Research  Institute 
P.O.  Drawer  28510 
San  Antonio,  TX  78284 

Dr.  George  Matzkanin,  Director 
NTIAC 

Southwest  Research  Institute 
P.O.  Drawer  28510 
San  Antonio,  TX  78284 

Warren  A.  Christensen 
X-Ray  Products  Corp. 

7829  Industrial  Avenue 
Pico  Rivera,  CA  90660 
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Richard  W.  Thams 
X-Ray  Industries,  Inc. 
1370  Piedmont 
Troy,  MI  48084 

Len  T.  Detlor 

321  Hemlock  Street 

Roselle  Park,  NJ  07204 

Dr.  Ron  Halmshaw 
49  Crouch  Croft 
New  Eltham 
London  SE9  3HX 
England 

Carl  Hartbower 
5033  Cocoa  Palm  Way 
Fair  Oaks,  CA  95628 

James  D.  Moravec,  Sr. 
1499  S.  13th  Avenue 
Yuma,  AZ  85364 

Walter  N.  Roy 
302  Potter  Road 
Framingham,  MA  01701 


Additional  Names  and  Addresses 

Paul  Dickerson 
Alcoa  Labs,  ALCOA 
Alcoa  Center,  PA  15069 

Dr.  H.H.  Vanderveldt 
American  Welding  Institute 
New  Topside  Road 
Route  4,  Box  90 
Louisville,  TN  3777 

Albert  S.  Birks 
Dynamics  Section 
Batteile  Memorial  Institute 
505  King  Avenue 
Columbus,  OH  43201-2693 

Hudson  Walls,  Jr. 

Cleveland  Electric  Illuminating  Co. 
Perry  Nuclear  Power  Plant 
10  Center  Road,  (5-160),  PO  Box  97 
Perry,  OH  44081-0189 

Dr.  Karl  F.  Graff 
Executive  Director 
Edison  Welding  Institute 
1100  Kinnear  Road 
Columbus,  OH  43212 

Linda  Johnson 

Martin  Marietta  Aerospace 

Michoud  Division 

P.O.  Box  29304 

New  Orleans,  LA  70189 

Joe  Hunt 
Martin  Marietta 
P.O.  Box  9008 

Marshall  Space  Flight  Center 
AL  35812 

Dr.  Edward  P.  Cox 
Materials  Analysis,  Inc. 

10338  Miller  Road 
Dallas,  TX  75238 

Mr.  Paul  Addington 
Textron  Marine  Systems 
6800  Plaza  Drive 
New  Orleans,  LA  70127-25% 
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Mr.  Walter  F.  Wulf 

204  Ohio  Avenue 

Ft.  Myers  Beach,  FL  33931 
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Appendix  B 


LetterPrepared  for  Societies  to  Determine  Interest 

and  Maintaining  a 

Reference 


~  — r"  - - —  ■ 

in  Developing,  Publishing, 
rence  Radiographic  Standard  for  Aluminum  Welds 


and 


Mailing  List 


The  Belvoir  Research,  Development  and  Engineering  Center  at  Ft.  Belvoir,  Virginia  is  leading  a 
DoD  effort  to  develop  a  standard  containing  graded  reference  radiographs  of  aluminum  welds.  Industrial 
Quality,  Inc.  is  under  contract  to  the  Belvoir  R,  D&E  Center  to  assist  in  this  matter.  The  purposes  of  this 
letter  are  to  (1)  inform  your  Society  about  this  project  in  the  hope  that  appropriate  technical  committees  may 
have  information  or  material  that  would  assist  the  effort  and  (2)  request  an  indication  of  your  Society's  inter¬ 
est  in  assisting,  particularly  in  the  matter  of  developing,  publishing  and  maintaining  a  recognized  standard  for 
graded  reference  radiographs  of  aluminum  welds.  As  you  are  aware,  DoD  strongly  encourages  the  use  of 
recognized  standards  in  all  its  activities. 

The  emphasis  in  the  present  program  is  on  graded  radiographs  of  aluminum  (5000,  6000  and  7000 
series  alloys)  butt  welds  (full  penetration)  made  by  the  MIG  welding  process.  Preferred  material  thicknesses 
are  0.03,  0.08,  and  0.1875,  0375  and  0.75  inches.  However,  we  anticipate  that  there  will  be  interest  in  other 
documents  of  graded  reference  radiographs  of  aluminum  welds. 

We  hope  to  hear  from  you  concerning  the  interest  of  your  Society  in  assisting  in  this  project  and  in 
developing  a  recognized  Society  standard.  We  should  make  you  aware  that  we  are  approaching  several  other 
societies  to  determine  their  interest  in  supporting  and  publishing  this  standard. 

Sincerely  yours. 


Daniel  Polansky 


DP/db 


Mr.  George  Ludw 

Staff  Manager  Comm.  E-7 

American  Society  for  Testing  and  Materials 

1916  Race  Street 

Philadelphia,  PA  19103 

cc;  Walter  Roy 

Mr.  Paul  Ramsay 
Executive  Director 
American  Welding  Society 
550  N.W.  Le  Jeune  Road 
Miami,  FL  33126 

Mr.  Ronald  Seiner 
Technical  Director 

American  Society  for  Nondestructive  Testing 
4153  Arlingate  Plaza 
Caller  #28518 
Columbus,  OH  43228-0518 


Appendix  C.  Photographic  Procedure  for  Producing  Reference  Radiograph  Figures 


The  illustrations  of  the  reference  radiographs  shown  in  this  report  were  produced  in  a  multi-step 

photographic  process.  This  process  was  intended  to  produce  illustrations  of  sufficient  quality  to  communicate  the 

types  of  indications  and  the  relative  severity  of  the  indications.  The  illustrations  are  not  intended  to  be  used  for  the 

grading  and  acceptance  of  radiographs.  The  basic  steps  of  this  process  were: 

1.  Place  each  reference  radiograph  on  a  viewer  box  and  photograph  the  radiographic  image  using  the  light 
transmitted  through  the  radiograph. 

2.  Print  each  of  the  radiographs  to  actual  size. 

3.  Assemble  the  first  generation  prints  into  sets  and  dry  mount  on  posterboard.  Add  5  window  matting  and 
figure  titles. 

4.  Rephotograph  the  assembled  set. 

5.  Print  the  figure  pages  on  8-1/2  x  11  paper. 

Details  of  each  of  these  steps  are  included  below. 

1.  The  original  radiographs  were  placed  on  a  S  &  S  X-ray  Products,  Inc.  Model  460  X-ray  film  illuminator. 
This  unit  uses  fluorescent  tube  illumination  on  a  milk  glass  screen  and  produces  a  very  uniform  light  of 
moderate  intensity.  The  radiographs  were  masked  with  a  cardboard  window  cut  from  the  5  window 
matting  to  show  reveal  only  the  intended  section  of  the  radiograph.  The  surrounding  areas  of  the  viewer 
were  masked  to  prevent  stray  fight  from  causing  glare  or  reflections.  The  room  lights  were  also  turned  off 
to  avoid  glare  and  reflection  problems.  The  radiographs  were  photographed  using  a  35mm  camera  and 
Kodak  T-MAX  100  Black  and  White  film.  The  camera  was  used  with  a  13 5mm  lens  modified  with  a  + 1 
diopter  close-up  lens.  The  long  axis  of  the  radiograph  was  allowed  to  nearly  fill  the  frame  of  the  35mm 
negative.  The  light  transmitted  through  the  weld  portion  of  each  film  was  read  and  used  to  adjust  the 
exposure  for  each  radiograph.  Exposures  were  typically  on  the  order  of  1/4  second  at  f8.  Exposures  were 
bracketed  plus  and  minus  one  stop  to  ensure  appropriate  exposure.  The  film  was  tank  processed  in  Kodak 
D-76  developer  at  a  1:1  dilution  for  12  minutes  at  68  deg.  F. 

2.  The  negatives  were  then  printed  to  actual  size  on  Kodak  PolyPrint  RC  glossy  finish  paper  with  filtration 
set  for  approximately  contrast  grade  2-1/2.  Exposures  were  adjusted  to  produce  approximately  uniform 
density  in  the  weld  zone.  The  prints  were  processed  in  Kodak  Dektol  at  a  1:2  dilution  for  90  seconds. 

3.  The  prints  were  assembled  into  illustration  sets  and  dry  mounted  with  Kodak  Spray  Photo  Mounting 
Adhesive  on  cardboard.  A  five  window  mask  was  added  on  top  of  the  photographs  to  show  only  the 
originally  selected  zone  of  the  radiograph.  A  title  overlay  was  added  to  identify  the  weld  radiograph 
illustrations. 

4.  The  assembled  illustration  was  rephotographed  on  a  copy  table  with  a  Graflex  Speed  Graphic  4x5  camera 
and  Kodak  T-MAX  100  film.  The  films  were  exposed  at  f  16  for  1/8  second.  The  4x5  films  were  tank 
processed  in  Kodak  TMAX  developer  at  full  strength  for  7  minutes  at  72  deg.  F. 

5.  The  4x5  negatives  were  commercially  printed  on  Kodak  glossy  finish  8-1/2  x  11  paper  to  produce  the 
illustrations  in  the  report. 
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Letter  Requesting  Assistance  in  Adding 
to  the  Data  Bank  at  Belvoir  R,  D  &  E  Center 
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February  12, 1988 


Dear 


You  are  aware  of  our  program  to  assist  the  U.S.  Army  Belvoir  R,D&E  Center  to  prepare  a  data  bank 
of  material  for  a  graded  set  of  reference  radiographs  of  aluminum  welds.  Our  initial  program  is  now  drawing 
to  a  close.  Some  reference  material  has  been  obtained  and  an  initial  set  of  graded  reference  radiographs  of 
aluminum  welds  covering  the  thickness  range  3/8  to  3/4  inch  has  been  proposed.  The  purpose  of  this  letter  is 
to  emphasize  the  continued  interest  at  the  Belvoir  R,D&E  Center  to  assemble  and  store  a  data  bank  of 
material  for  this  purpose.  Please  make  it  known  to  your  organization  and  your  colleagues  that  a  data  bank  for 
graded  sets  of  reference  radiographs  of  aluminum  welds  remains  an  active  interest  for  the  U.S.  Army. 
Submission  of  materials  (welds  and/or  radiographs)  for  the  data  bank  is  encouraged  at  this  central  storage 
and  evaluation  location.  Belvoir  is  willing  to  serve  as  a  repository  for  these  data  until  a  Society  consensus 
document  is  available.  Materials  for  the  data  bank  should  be  sent  as  follows: 

U.S.  Army  Belvoir  R.D&E  Center 
Attn:  STRBE-VL,  George  D.  Farmer 
Fort  Belvoir,  VA  22060-5606 

Tel.  703-664-5374 

Thank  you  for  your  cooperation. 


Sincerely  yours. 


Harold  Berger,  P.E. 
President 
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Mr.  George  Ludw 

Staff  Manager  Conun.  E-7 

American  Society  for  Testing  and  Materials 

1916  Race  Street 

Philadelphia,  PA  19103 

Mr.  H.  Glenn  Ziegenfuss 
Technical  Director 
American  Welding  Society 
550  N.W.  LeJcune  Road 
Miami,  FL  33126 

Mr.  Ronald  Seiner 
Technical  Director 

American  Society  for  Nondestructive  Testing 
4153  Arlingate  Plaza 
Caller  #28518 
Columbus,  OH  43228-0518 

Mr.  Gordon  A.  Alison 

The  Aluminum  Association,  Inc. 

900 19th  Street  N.W. 

Washington,  DC  20006 

Dr.  H.H.  Vanderveldt 
American  Welding  Institute 
New  Topside  Road 
Route  4,  Box  90 
Louisville,  TN  37777 

Dr.  Karl  F.  Graff 
Executive  Director 
Edison  Welding  Institute 
1100  Kinnear  Road 
Columbus,  OH  43212 

Mr.  Paul  Dickerson 
Alcoa  Labs,  ALCOA 
Alcoa  Center,  PA  15069 

Ms.  Linda  Johnson 
Martin  Marietta  Aerospace 
Michoud  Div. 

P.O.Box  29304 
New  Orleans,  LA  70189 
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